Abstract: Tea is widely consumed worldwide. There is accumulating evidence that tea consumption may be associated with reduced cardiovascular risk, an association that could be attributed to its flavonoid content. Green tea, the most common type of tea consumed in Asia, contains a large amount of nonoxidized flavonoids, named catechins. Green tea consumption has been associated with reduced incidence of cardiovascular mortality, stroke, and myocardial infarction. Although there is some inconsistency in the results, large, well-designed observational studies have shown this inverse association. However, the association of green tea with coronary artery disease is less well-established. The protective effect of green tea on cardiovascular events may be mediated by beneficial effects of green tea on various classical and novel cardiovascular risk factors. There is evidence that green tea reduces total and low-density lipoprotein (LDL) cholesterol and oxidized LDL cholesterol, enhances insulin sensitivity, and may prevent development of diabetes mellitus. There is also evidence that green tea reduces oxidative stress and reverses endothelial dysfunction. Its effect on blood pressure and arterial stiffness is confounded by the presence of caffeine, which has pressor and arterial stiffening effects, although this effect is probably counterbalanced by beneficial effects of other constituents in green tea. Green tea acutely increases blood pressure more than its caffeine content; the ingredients responsible for this are not known. On the other hand, green tea has a milder acute effect on arterial stiffness than its caffeine content. Its chronic effect on blood pressure and arterial stiffness may be neutral or even beneficial.
There is accumulating evidence that black tea consumption may be associated with decreased cardiovascular risk, and this has been largely attributed to its polyphenolic content and its antioxidant properties. 3 Recently, green tea has been the focus of extensive research; this interest has been driven by the fact that polyphenols present in green tea are not oxidized, in contrast with black tea, where polyphenols are oxidized during the fermentation process. 4, 5 Although not supported in all studies, this may imply a more potent antioxidant potential of green tea. In this review we present available data on the effect of green tea on cardiovascular performance and risk. Although it will focus specifically on green tea, the reader may also find scarce information on black tea, when needed to better illustrate the effects of green tea. Data on green tea composition, on its association with cardiovascular events and coronary artery disease, on the effect of green tea consumption on traditional cardiovascular risk factors, and on its effect on novel or less well-established risk factors, such as oxidant status, endothelial function, and arterial stiffness, will be presented.
Green tea composition
The chemical composition of green tea is complex; there are proteins (15% to 20% of dry weight) including enzymes, amino acids (1% to 4% of dry weight), carbohydrates (5% to 7% of dry weight), lipids, such as linoleic and α-linolenic acids, sterols, vitamins (B, C, E), xanthenes, such as caffeine and theophylline, pigments, such as chlorophyll and carotenoids, volatile compounds, such as aldehydes, and minerals and trace elements (5% of dry weight). 2 Polyphenols dominate the chemistry of nonvolatile compounds in green tea and they represent 36% of dry weight of the green tea leaves. 1, 6 The polyphenols present in green tea are flavonoids; the largest proportion of them are flavan-3-ols, called catechins, such as (-)-epicatechin (6.4% of total catechins), (-)-epicatechin-3-gallate (13.6% of total catechins), (-)-epigallocatechin (19% of total catechins), and (-)-epigallocatechin-3-gallate (59% of total catechins, Figure 1) . 5 Green tea also contains gallic acid and other phenolic acids such as chlorogenic acid and caffeic acid, and flavonols such as kaempferol, myricetin, and quercetin. 2 In contrast to green tea, which is steamed or pan-fired to inactivate polyphenol oxidase, black tea contains much smaller amount of catechins, due to their oxidation to dimers, ie, theaflavins, and to oligomers, ie, thearubigins, during the fermentation process ( Figure 1) . 4, 5 The total amount of flavonoids in green and black tea is the same; the type of flavonoids (catechin monomers versus dimers and oligomers, respectively) is what differs. Green and oolong teas typically contain 30 to 130 mg of epigallocatechin gallate per cup (237 ml), while black teas may contain 0 to 70 mg of epigallocatechin gallate per cup, depending on differences in the manufacturing method, the amount of tea used to prepare the tea beverage, the duration of infusion to hot water, the temperature of the water used, and other less important issues. 7 The abovementioned great variations in flavonoid concentration among various green tea beverages, along with the differences in the volume that "a cup of tea" contains in various studies, poses difficulties in the quantification of a green tea beverage and its concentration in catechins, especially for comparisons among different studies.
Tea contains a significant amount of caffeine, which along with other xanthenes present in low quantities, comprise 3.5% of dry weight of green tea leaves. 1 The concentration of caffeine in a tea beverage largely depends on the same parameters as those described for flavonoids; it is estimated that tea typically contains 40-60 mg of caffeine per cup (175 ml), whereas coffee typically contains 65-100 mg of caffeine per 175 ml. 8 Although there is great variability, there is usually less caffeine in green tea than in black tea, 1, 9 Green tea consumption and cardiovascular events Cardiovascular mortality
The association of green tea consumption with total and cardiovascular mortality has been a topic of increasing interest during the last decade (Table 1 ). In the early prospective cohort studies, there were conflicting results; in one study of 8,552 Japanese adults, green tea consumption above 10 cups per day was associated with a 42% reduction in cardiovascular mortality only in males; 10 in another study of 2,855 Japanese individuals, there was no association between green tea consumption and cardiovascular mortality. 11 However, in the more recent, large, prospective Ohsaki study of 40,530 Japanese individuals, those consuming 5 or more cups of green tea per day had a 12% reduction in total and a 26% reduction in cardiovascular mortality compared to those consuming less than 1 cup per day. 12 The decrease in cardiovascular mortality was larger in women than in men. This well-designed study demonstrated that the association of green tea consumption with reduced cardiovascular risk was independent of a great variety of possible confounders, such as age, job status, years of education, body mass index, physical activity, history of hypertension, diabetes, gastric ulcers, smoking status, alcohol intake, energy intake, and consumption of rice, soybean products, meat, fish, dairy products, fruits, vegetables, oolong tea, black tea, and coffee.
Both black and green tea consumption has been associated with decreased risk of stroke. In a cross-sectional study in China, the consumption of green tea was associated with lower risk of stroke; the odds ratio (OR) for consumption of more than 150 g per month of green tea was 0.35 (95% CI: 0.18-0.72, P , 0.01). 13 In the abovementioned Ohsaki (cohort) study, 12 the greatest reduction (37%) in mortality associated with green tea consumption of equal or more than 5 cups per day compared to less than one cup per day was observed for stroke. In a previous study of middle-aged nonsmoking, nonalcohol-drinking women in Japan, the incidence of stroke and cerebral hemorrhage during a 4-year follow-up was two or more times higher in those who were consuming less than 5 cups of green tea daily, compared to those who were consuming 5 or more cups.
14 Furthermore, the protective effect of both moderate (more than several cups every 2-3 days but ,5 cups every day) or high ($5 cups per day) green tea consumption on stroke has been demonstrated in another cohort study in middle-aged and elderly Japanese followed up for 5 years (multivariable HR, 0.43; 95% confidence interval, 0.25-0.74; P = 0.002 and 0.41; 95% confidence interval, 0.24-0.70; P = 0.001, respectively). 15 A recent meta-analysis has shown that, regardless of their country of origin, individuals consuming $3 cups of tea per day have a 21% lower risk of stroke than those consuming ,1 cup per day. 16 
Myocardial infarction
There is evidence that green tea consumption may be associated with reduced risk of myocardial infarction. In a study of 393 consecutive Japanese patients who underwent coronary angiography for suspected coronary artery disease, it was shown that green tea consumption of 1 or more cups per day was inversely associated with the incidence of myocardial infarction, independently of traditional risk factors and fruit or coffee intake. 17 This observation is in line with previous observations of reductions in myocardial infarction incidence with tea consumption in Western countries, where black tea is the main tea consumed.
Green tea consumption and coronary artery disease
The association of green tea consumption with the presence and extent of coronary artery disease is not yet known, since there is little consistent data available in the literature. In one study, consumption of green tea in males was associated with lower incidence of coronary artery disease, when patients with diabetes mellitus were excluded. The odds ratio of significant coronary stenosis for consumption of 4 or more cups per day was 0.4 (95% confidence interval 0.2-0.9), respectively, as compared with a consumption of one cup per day or less. 20 Notably, this association was not observed in females. In a previous study green tea consumption did not differ among patients with or without coronary artery disease.
17
Green tea consumption and traditional cardiovascular risk factors Blood pressure
The effect of green tea consumption on blood pressure has been examined in various studies. Acutely, green tea increases blood pressure, as has been repeatedly shown. 9, 21, 22 One of the ingredients in tea with an acute pressor effect is caffeine, 23, 24 however, the acute rise in blood pressure after tea consumption is greater than that of the same amount of caffeine ingested alone. It is not known which other tea ingredients are responsible for this. 21 The studies on the short-term effect of green tea on blood pressure have revealed inconsistent results. A 2-month duration daily green tea consumption study did not show any pressor effect of green tea, 25 whereas another study in overweight men showed that green tea consumption for two weeks decreased blood pressure, although this could have been the effect of the concomitant reduction in body weight. 26 Finally, a study of obese children showed that green tea consumption for 24 weeks was accompanied by a decrease in blood pressure. 27 The effect of daily consumption of capsules containing decaffeinated green tea has been recently studied in healthy volunteers; the authors reported significant blood pressure reductions after 3 weeks and 3 months. 28 As it is generally believed in Eastern culture, 29 green tea may exert antihypertensive effects in the long term, although no long-term intervention studies have been conducted so far 
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Green tea and cardiovascular risk and the results from cross-sectional studies do not uniformly imply such a pressure lowering effect. Green tea consumption has not been associated with blood pressure levels in a study of middle-aged (48-56 years old) Japanese men, 30 whereas tea consumption (including both black and green tea) has been associated with reduced blood pressure in an Australian study of elderly women. 31 We should emphasize, however, that in a meta-analysis of studies including all types of tea, tea consumption was not associated with reduced blood pressure. 32 The most robust evidence of a possibly antihypertensive effect of green tea is derived from a cohort study in adults above 20 years of age, where green or oolong tea consumption was associated with reduced risk of developing hypertension in the follow-up, even after adjustment for a variety of confounders, such as age, sex, socioeconomic status, family history of hypertension, body mass index, waist-hip ratio, lifestyle factors (total physical activity, high sodium intake, cigarette smoking, alcohol consumption, and coffee drinking), and dietary factors (Figure 2 ). 33 
Cholesterol
There is accumulating evidence that green tea consumption reduces total and low-density lipoprotein (LDL) cholesterol. 34 Epidemiological evidence from a Japanese population of individuals aged 40-69 years old, suggests that green tea consumption is associated with lower levels of total cholesterol. The association was found to be almost linear for up to 10 cups of tea per day, with a reduction of 0.015 mmol/L in total cholesterol for each cup of tea consumed both in men and women. 35 On the other hand, green tea consumption was not associated with high-density lipoprotein (HDL) or triglycerides levels. 35 The first randomized study of the effect of green tea extract consumption on lipid profile was published in 2003; 36 a green tea extract consumed daily for 12 weeks lowered total and LDL cholesterol in patients with mild to moderate hypercholesterolemia. 36 A 24 week randomized placebo-controlled trial in 40 overweight Japanese children showed a significant reduction in LDL cholesterol with consumption of green tea. 27 After 42 days, consumption of green tea caused a significant decrease in LDL in young female participants. 37 In another study, 240 healthy participants were allocated either a beverage containing a green tea extract rich in catechins or a control beverage; after 12 weeks of continuous consumption, green tea extract reduced LDL cholesterol in comparison to the control beverage. 38 The effect of daily consumption of capsules containing decaffeinated green tea for 3 weeks has been recently studied in healthy volunteers; although green tea had no effect on total cholesterol in the 
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Alexopoulos et al whole study population, there were 10-and 9-mg/dL reductions in total and LDL cholesterol, respectively, in men, and there was 9 mg/dL lowering of total and LDL cholesterol in all participants with a baseline LDL cholesterol level greater than 99 mg/dL. 28 However, LDL-lowering effects of green tea consumption have not been found in all studies. 39, 40 In line with the epidemiological studies, where there was no association between green tea consumption and HDL, green tea did not have any effect on HDL cholesterol in intervention studies.
28,36-39

Glucose metabolism
There is evidence that suggests green tea enhances insulin sensitivity. 41 The component largely responsible for this effect is epigallocatechin gallate, one of its main polyphenolic ingredients. 41 Furthermore, epigallocatechin gallate reduces hepatic glucose production. 42 There is evidence that green tea consumption is associated with lower glucose levels and reduced incidence of diabetes mellitus. A prospective study of more than 17,000 Japanese individuals, 40 to 65 years of age at baseline, without a history of type 2 diabetes, stroke, coronary heart disease, or cancer, demonstrated that the frequency of green tea consumption was inversely associated with the risk of new type 2 diabetes during a 5-year follow-up. 43 A subsequent smaller epidemiological study in Mediterranean Islands showed that daily tea consumption (all types included) was associated with lower glucose levels and reduced incidence of diabetes mellitus in non-obese but not in obese elderly participants. 44 In the same study the results of the previous one were confirmed regarding the incidence of new diabetes mellitus during follow-up. 45 On the other hand, a recent study of healthy, middle-aged, Japanese males did not find any association between frequency of tea consumption and mean levels of blood glucose and hemoglobin A1c. 46 The role of tea (all types included) in the prevention of type 2 diabetes mellitus development has been highlighted in two recent meta-analyses, where consumption of more than 3 to 4 cups per day of tea of any type was associated with reduced subsequent incidence of type 2 diabetes mellitus. 47, 48 Green tea acutely increases glucose metabolism and improves oral glucose tolerance test in healthy humans. 49 However, these beneficial effects have not been verified in intervention studies of short-to middle-term green tea consumption. The daily supplementary intake of 500 mg green tea polyphenols for 2 months did not have any clear effects on blood glucose level, hemoglobin A1c level, or insulin resistance in a small placebo-controlled study in Japanese individuals. 25 Furthermore, daily consumption of 9 g of green tea for 4 weeks did not have any effect on glucose levels or insulin resistance in patients with type 2 diabetes; 50 daily consumption of a green and black tea extract also did not have any effect on hemoglobin A1c level in middle-aged diabetics in another study. 51 On the other hand, glucose levels were found to be lowered with daily oolong tea consumption for 30 days. 52 These contradictory results do not allow firm conclusions to be drawn regarding the effect of green tea consumption on glucose metabolism.
Green tea consumption and novel cardiovascular risk factors Antioxidant effect
Oxidative stress is of paramount importance for the development of the atherosclerotic plaque. According to the oxidative modification hypothesis, LDL in its native state is not atherogenic. 53 The oxidized LDL, however, is able to penetrate the arterial wall and to commence plaque formation. Oxidative stress has been assessed using various methods targeting different parameters of oxidative status.
There are several nutrients in green tea with antioxidant properties; apart from polyphenols, ie, catechins and gallic acid, other substances, such as ascorbic acid, tocopherols, carotenoids, and several minerals possess antioxidant properties. In vitro studies have confirmed the antioxidant properties of green tea using various techniques; the total antioxidant potential of green tea is higher than that of black tea using the ferric reducing power (FRAP) assay, 54 the human plasma antioxidant capacity (TRAP), 55 or the free radical-scavenging activity; 56 on the other hand, theaflavins in black tea retained antioxidant capacity similar to that of green tea catechin monomers in some studies, 57, 58 while they inhibited the susceptibility of LDL cholesterol to oxidative modification more than catechins in another study; 59 green tea has a much higher antioxidant activity against peroxyl radicals than garlic, kale, spinach, or Brussels sprouts, using the oxygen radical absorbance capacity (ORAC) assay; 60 Epigallocatechin gallate, ie, the nutrient in green tea with the greatest antioxidant properties, 57 was found to be protective of the human erythrocyte membrane bound ATPase and to inhibit lipid peroxidation. 61 Numerous studies have been aimed at examining the effect of green tea consumption on antioxidant status in humans; the detailed description of all these studies is beyond the scope of the present review. Although there are studies where there was no beneficial effect of green tea, 22, [62] [63] [64] it is believed that, in line with in vitro studies, green tea consumption acutely increases antioxidant capacity in humans, as this can be estimated 
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Green tea and cardiovascular risk using various techniques. 55, [65] [66] [67] The greatest increase in the antioxidant potential seems to appear 60 minutes after green tea consumption. 66, 67 This time-dependent effect, along with other methological issues, may account for the absence of observed effect in negative studies. The same beneficial results are observed after prolonged (short-or mid-term) green tea consumption. 37, 68, 69 There is evidence that green tea reduces oxidized LDL in humans. In a study of 40 healthy adults, consumption of a green tea extract for 4 weeks significantly reduced oxidized LDL, although it had no effect on LDL levels. 39 In a 4 week controlled dietary intervention, which included double blind supplementation with either green tea extract or placebo in 20 female participants, green tea extract had no specific effects on serum lipids, but it decreased plasma malondialdehyde, indicative of decreased lipid peroxidation. 70 The same results were observed in 22 healthy male nonsmokers, in a 2 week green tea intervention study. 71 The reduction in oxidized LDL with green tea consumption has also been shown in smokers. 72 There are several other studies that support the reduction in oxidized LDL with green tea. 40, 73, 74 endothelial function
The endothelium is a layer separating the vessel wall from blood, with important homeostatic function. With a great number of substances, like nitric oxide, that it produces, it regulates arterial tone, the thrombotic/fibrinolytic state, vascular inflammation, cellular proliferation, and cellular apoptosis. 75 Through the imbalance that it induces, endothelial dysfunction is regarded as a critical step in the initiation and progression of atherosclerosis. 76, 77 Assessment of coronary endothelial function demands coronary artery catheterization and cannot be performed on a large scale; therefore, assessment of peripheral endothelial function is used instead. 78 It has been shown that endothelial function assessed in the brachial artery is closely related to coronary endothelial function 79 and it predicts cardiovascular risk. Endothelial function is impaired in the presence of cardiovascular risk factors 77 and it can be modified by a number of pharmacological and nonpharmacological means. 80 The first observation that green tea improves endothelial function was reported in 2003. 81 Thereafter, there have been several studies in which the effect of green tea consumption on endothelial function was examined. It has been shown, using strain gauge plethysmography, that green tea consumption reverses acute endothelial dysfunction in healthy smokers. 82 In another study, consumption of green tea acutely improved acute endothelial function, assessed by postischemic brachial artery reactivity (flow-mediated dilatation), in healthy individuals, half of which were current smokers ( Figure 3) . 22 A more recent study in healthy women reached the same conclusions regarding the beneficial effect of green tea on endothelial function. 73 An interesting finding is that the effect of green tea on endothelial function seems to be comparable to that of black tea. 83 The mid-term (2 weeks) effect of green tea on endothelial function has been examined in smokers; green tea increased brachial artery reactivity and circulating endothelial progenitor cells, both signs of reversal of endothelial dysfunction. 84 The mechanisms of improved endothelial function (or, preferably, of reversal of endothelial dysfunction) with green tea consumption are not fully explored. It seems that flavonoids are the nutrients responsible for this effect; there is evidence that consumption of flavonoid-rich foods has a beneficial effect on endothelial function; 85, 86 epigallocatechin gallate has been shown to reverse endothelial dysfunction in patients with coronary artery disease. 87 Mechanisms involved may include inhibition of angiotensin-converting enzyme activity by green tea polyphenols, 88 increased nitric oxide production by endothelial cells, 88 and improved endothelium-derived nitric oxide bioactivity. 89 It seems that there is an interrelation between antioxidant and endothelial effects of green tea, although this has not been shown in all studies.
Arterial stiffness and wave reflections
The stiffness of large peripheral arteries is an important regulator of cardiovascular performance. 90 Increased arterial stiffness and wave reflections (ie, the sum of arterial waves that are reflected from the periphery towards the ascending 
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Alexopoulos et al aorta) are observed in the presence of cardiovascular risk factors for atherosclerotic disease and in patients with coronary artery disease and they have been identified as independent predictors of cardiovascular risk in a large variety of populations with or without disease and in the general population. 91, 92 Like endothelial function, arterial stiffness and wave reflections can also be modified by a large number of pharmacological and nonpharmacological means. 93, 94 The effect of green tea on arterial stiffness was first examined in patients with type 2 diabetes mellitus. The effect of green tea consumption for 4 weeks on brachial-ankle pulse wave velocity, ie, an index of arterial stiffness, was neutral. 50 The effect of green tea consumption on arterial stiffness and wave reflections may be hampered by the presence of caffeine, a substance with well-documented stiffening effects. 23, [95] [96] [97] In a study where the acute effect of green tea consumption was compared to that of its caffeine content, it was shown that green tea had a neutral effect on arterial stiffness and it slightly increased wave reflections, whereas the effect of its caffeine content alone (ingested as caffeine capsules) was more prominent and more sustained (Figure 4) . 9 Unpublished data suggest that the short-term (2 weeks) effect of green tea consumption on arterial stiffness may be beneficial. 98 The finding that flavonoid-rich foods with low or absent xanthine content reduce arterial stiffness and wave reflections implies that green tea catechins may account for the neutral effect of green tea on arterial stiffness and for its possibly beneficial short-term effect. 99, 100 On the other hand, green tea acutely increases blood pressure, which is a major determinant of arterial stiffness; 92 as stated before, the acute increase in blood pressure is higher than the increase induced by its caffeine content, 21 which implies that there may be other substances in green tea with blood pressure rising effects, and by that with stiffening properties. In the short-or long-term, the possible beneficial effects of green tea flavonoids on endothelial function and other cardiovascular risk factors, such as blood pressure and glucose metabolism, may account for the observed decrease in arterial stiffness and wave reflections.
Conclusions and future directions
Although green tea acutely increases blood pressure, and may increase indices of arterial wave reflections, this effect is probably only transient, since short-term consumption may have a neutral or opposite effect. On the other hand, green tea exerts a variety of beneficial metabolic effects with reductions in oxidative status and LDL oxidation, and amelioration of lipid and glucose metabolism. These effects are also accompanied by reversal of endothelial dysfunction. These effects may explain the independent inverse association of green tea with cardiovascular events, especially mortality and stroke, found in most observational studies, like in the large, prospective Ohsaki study of more than 40,000 individuals. Although not supported by all studies, the reduction in cardiovascular risk is larger in women than in men; however, this gender difference may be explained by other risk factors, such as smoking -more frequent in males -or menopause. As with all observational studies, 
